Building biodiversity: Vegetated façades as habitats for spider and beetle assemblages  by Madre, Frédéric et al.
Global Ecology and Conservation 3 (2015) 222–233
Contents lists available at ScienceDirect
Global Ecology and Conservation
journal homepage: www.elsevier.com/locate/gecco
Original research article
Building biodiversity: Vegetated façades as habitats for
spider and beetle assemblages
Frédéric Madre a, Philippe Clergeau a, Nathalie Machon a, Alan Vergnes a,b,∗
aMuséum National d’Histoire Naturelle, Département d’Ecologie et gestion de la Biodiversité, UMR 7204 CESCO, Paris, France
b Université Paris-Est Créteil/IRD, UMR 7618 Institute of Ecology and Environmental Science of Paris, IEES-Paris, France
a r t i c l e i n f o
Article history:
Received 27 November 2014
Accepted 29 November 2014
Available online 2 December 2014
Keywords:
Vegetated façade
Green wall
Urban ecology
Biodiversity
Spiders
Beetles
a b s t r a c t
In a context of urban greening, vegetated façades offer a great potential to enhance urban
biodiversity. Yet, little is known about the ecological drivers of suchman-made ecosystems
on assemblages.
We assessed four types of façades: three types of vegetated-façades – CP (climbing plant
façades), FL (felt layer façades) and SM (substratemodule façades) – and concrete barewall)
as a control. On 33 façades located in and around Paris (France), we compared the effects of
façade typewith the area, the properties of the surrounding landscape on spider and beetle
assemblages.
The façade type showed major differences in their ecological, their floristic and their
management specifications. CP were xerothermophilous habitats similar to cliffs, whereas
SM and FL were damp and cool habitats, similar to vegetated waterfalls. These differences
in local scale properties influencedmore arthropod assemblages than landscape properties,
which showed higher species richness and abundance in SM and lower ones in bare walls.
Façade types clearly sheltered different beetles’ assemblages in terms of species and traits,
including more affine to damp habitat in SM and FL than the other types. Despite the pres-
ence of few rare species of Northern France, the assemblages of spiders were dominated
by generalist species.
Our results show the capacity of vegetated façades to shelter arthropods and argue for
their development in cities.
© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
1. Introduction
Since humans started building, plants have colonized their façades, creating shelters for wildlife. Approximately 2000
years ago, vine (Vitis vinifera) was widely planted on walls in the Mediterranean region, providing shade and fruit for peo-
ple and also forming the earliest vertical gardens (Köhler, 2008). More recently, the transformation or adaptation of walls
to support vegetation, referred to as vertical greenery of buildings, has emerged and is of particular interest to engineers,
architects, planners and now ecologists as it could provide various services to buildings and cities.
Vertical greenery has a great potential in building-dominated landscapes due to the large wall surface available, also re-
ferred to as wallscape (Francis, 2011). In England, Darlington (1981) showed that walls represent 10% of the total urban land
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surface whereas Grimmond et al. (1991) estimated this ratio to 50% in an American city. These available surfaces depend on
the morphology of the buildings and the cities and the socio-economical context (Francis, 2011). The use of vertical plant-
ing is also promising as the development of high-rise buildings with high wall-to-roof ratios is becoming widespread (Chu
and Cheng, 2010). The surface area of cities is expected to double since 2030 (World_Bank, 2009) and so is the surface of
walls.
‘‘Green walls’’ is the most general term used to define vertical greening techniques, by analogy with ‘‘green roofs’’. How-
ever, this term groups different types of techniques. Vertical greening is categorized grossly into ‘‘green façades’’ which refer
to the spreading of climbers on wall surfaces, and ‘‘living walls’’ which refer to the use of felt layers or modular hydroponic
systems to form a living cover (Chu and Cheng, 2010; Francis and Lorimer, 2011). Hydroponic systems primarily use ferti-
gation (irrigation with dissolvable fertilizer) and control systems (Brohm et al., 2010). Patrick Blanc, creator of the felt layer
system, uses the term ‘‘vertical garden’’ with a reference to the artistic composition of gardens (Blanc et al., 2008). In this
paper, we will use the term ‘‘vegetated façades’’ as a generic term to avoid confusion with one of the technical supports
studied herein (e.g., sphagnum substrate in metallic modules from the GreenWall R⃝ company, Montpellier, France) or with
‘‘green buildings’’, which also refer to the use of solar panels, reflective façades and others modifications.
Overall, vertical greenery provides a great number of benefits to buildings and thereby are the motivations for
their installation (Wang et al., 2014). Vertical greenery systems have important effects on the temperature and energy
consumption of buildings (Wong et al., 2009). Vegetated façades reduce interior temperatures and delay the transfer of
solar heat, which consequently reduce power consumption in air-conditioned buildings (Cheng et al., 2010). Vegetated
façades enhance air quality, by capturing pollutants such as nitrogen oxides (NOx) and volatile organic compounds (VOC)
(Rondeau et al., 2012). Vegetated façades provide noise reduction (Ismail, 2013). Vegetated façades also protects walls from
degradation due to harsh environmental conditions such as direct sun or acid rain (Köhler, 2008). Finally, they enhance
the aesthetic value of a building to many observers, which is still the main motivation for their settlement (Köhler, 2008).
Although the benefits of vertical greenings for buildings arewell-known, their benefits for biodiversity remainpoorly studied
(Francis, 2011).
Vertical greening can be considered as a mimicry of natural vertical habitats such as cliffs covered with climbing plants
or vegetated waterfalls, creating potential analogue habitats for organisms (Lundholm and Richardson, 2010). Only few
studies have investigated the ecology of such ‘‘man-made cliffs’’, and wall ecology is still considered as a frontier of urban
ecology (Francis, 2011). These studies highlighted a positive effect of vertical greening on plants, which could be explained
by harsher conditions on bare walls (low accumulation of nutrients and dryer conditions) (reviewed by Francis, 2011). For
fauna, the studies are really scant. Benedict and McMahon (2002) showed that the abundance of birds was greater on walls
with climbing plants than on bare walls and Matt (2012) showed that walls with climbing plants could shelter much more
abundant and diverse assemblages of arthropods than bare walls. Köhler (1988) reported that thermophilic, synanthropic
and arborial arthropods have colonized climbing plants façades. It appears that vegetated-façades could provide habitat for
fauna and, by enhancing their ecological design, they could contribute to urban biodiversity. Unfortunately, information on
the effects of the characteristics of various vegetated façade types on biodiversity is still not available.
To fill this gap, we sampled arthropods on different types of façades: vegetated façades representing different technical
solutions and also concrete bare walls.
We selected two major taxa of arthropods: beetles (Insecta, Coleoptera) and spiders (Araneae). Spiders and beetles
are among the most diverse and abundant taxa on earth and, despite an overall negative perception (Kim, 1993), remain
‘‘the little things that run the world’’ (Wilson, 1987). As a consequence they are responsible for numerous functions and
ecosystem services, including decomposition (Lavelle et al., 2006), pollination or biological control. Moreover, they need
smaller size habitats than bigger organisms to maintain viable populations (Gaston et al., 1998). Finally, rich assemblages of
arthropods can develop on other vertical natural habitats such as natural cliffs (Telfer, 2006; Růžička and Zacharda, 2010)
and on vegetated infrastructures such as green roofs (Kadas, 2006; Braaker et al., 2013; Madre et al., 2013).
We investigated the effects of various environmental filters located at different spatial scale on communities properties
(Keddy, 1992). We formulated the following hypothesis:
(1) The proposed typology of façades reflects differences in technical solutions but also in their habitat template (abiotic
properties, Southwood, 1977) and vegetation properties.
(2) The different types of façades sheltered different assemblages considering species and traits as proposed by the
‘‘template hypothesis’’ (Southwood, 1977).
(3) There is an increase of species richness and abundance from poor to more complex habitats as proposed by the
‘‘structural diversity hypothesis’’ (Siemann et al., 1998) and a link between plant productivity and arthropod abundance
(Larondelle et al., 2014).
(4) We expect a positive effect of the area of the walls on species richness, as proposed by the species–area relationship.
(5) There is a different response between the traits of organisms considered (mean size, habitat affinity).
(6) Globally, the local scale have a stronger effect on organisms than the landscape scale as most urban species have already
high dispersal capabilities (Wiens, 1989).
Finally, we discussed and transferred our results through guidelines to help the ecological implementation of vegetated
façades, especially regarding their environmental impacts and biotic benefits.
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Fig. 1. The proposed vegetated façade typology based on technical specifications: BW = bare walls (in concrete, stones, bricks or other materials),
CP= climbing plants (directly growing on the walls or along trellis), SM= substrate modules (hydroponic systems filled with sphagnum for example) and
FL= felt layers (hydroponic systems where roots grow in felt).
2. Materials and methods
2.1. Façade types and study area
We studied four types of façades. Three of them were vegetated façades and are here referred by their technical aspects
(Fig. 1)—climbing plant façades (CP), substrate module façades (SM) and felt layer façades (FL). We also studied bare walls
as a control. The CP were covered by a single climbing plant species: Parthenocissus tricuspidata (Siebold & Zucc.) generally
named Boston ivy or Japanese creeper, which is native from East Asia and is nowwidespread in temperate cities. The CP tend
to mimic vegetated dry cliffs (Lundholm, 2006; Lundholm and Richardson, 2010; Francis, 2011). The FL and SM are inspired
bywaterfall habitats (Lundholm, 2006; Lundholm and Richardson, 2010; Francis, 2011). They consisted of a support for plant
and a nutrient keeper with a hydroponic system for irrigation and fertilization. For the FL, it consisted of hydrophilic non-
putrescible textilewith hydroponic systems created by Patrick Blanc. The SMwere established byGreenWall R⃝ and consisted
of sphagnum-based substrate inmetallic cageswith hydroponic systems. SM and FL could sheltermore structurally complex
flora, with muscinal (mosses and creepers), herbaceous and shrub strata. Bare walls (BW) recovered by concrete were also
sampled and considered as control. We studied eight BW, ten CP, six SM and nine FL, representing 33 sampled sites overall.
The 33 sites were located in and around Paris and along an east–west transect of 38 km (from 2.043 to 2.362 latitude)
and a north–south gradient of 48 km (from 48.351 to 49.006 longitude). The weather of Paris region is continental. The
city of Paris is one of the densest urban areas in the world and sheltered densities that could reach 20,000 inhabitants/km2
(INSEE, 2010). The landscape of Pairs is highly dominated by buildings and roads (Vergnes et al., 2014).
2.2. Environmental variables
Following amulti-scale approach (Vergnes et al., 2012;Madre et al., 2013), we considered both variables at local (building
façade properties) and at landscape scales (surrounding properties).
At local scale, we recorded the temperature and humidity at the surface of the wall and the air temperature at 30 cm
from the wall using the manual instrument Environment Meter LUTRON LM-8000 (mean of two records that have been
done on a sunny day between 8:00 and 18:00 at the base of the walls). In terms of technical characteristics, we recorded
the presence of irrigation, the use of fertilizers, (presence of hydraulic metering pump). The flora characteristics have been
recorded using the plant species richness and the plant cover rate. These data were obtained by a flora inventory in four
metre square quadrates localized around the quadrates for arthropod sampling (see 2.3) and a visual estimation of the plant
cover of each façade. We also recorded the area of walls. Details on area and type are given in the online Appendix S1.
At landscape scale, we measured the potential green habitats around the sites with the mean of Normalized Difference
Vegetation Index (NDVI) in a 1.5 km radius around sites (Madre et al., 2014). Based on multispectral band aerial image
(Landsat 7, resolution of 30 m) and a calculation between visible red (VIS) and near-infrared (NIR) bands [NDVI = (NIR −
VIS)/(NIR+VIS)], the NDVI gives ameasure of the photosynthetic production in each pixel and thus reflects the presence of
vegetation (Kerr and Ostrovsky, 2003). With zonal statistics and based on NDVI map, we calculated the mean of all pixels in
a 1.5 km radius around each site. We also measured latitude and longitude of sites. All these measurements were computed
with ArcGIS 10.0 software.
2.3. Arthropod sampling, species identification and traits
Arthropods were sampled during May and June 2012, which represent the activity peak of most arthropods, by suction
sampling (Magura et al., 2006). Using an adapted domestic garden blowervac Trimma R⃝ model BVM-SPK-320 C. morgane
series, we performed 9 suctions per site dispatched at 3 height levels (1 m, 3 m and greater than 6 m high; three samples
per level). The sampling effort of suctions was standardized by sucking on a square of 0.25 m2 and during 30 s. This method
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allowed to sampled arthropods without damaging the vegetated façades. Overall, 297 suctions (9 suctions per 33 sites) have
been conducted.
Adult spiders were identified to the species level. Adult beetles were identified to species or tomorpho-species. Morpho-
species are group of species from variable taxonomic level (from Family to Genus).
For each spider and beetle species, we considered different response traits (traits that reflects the response to envi-
ronmental conditions, Lavorel and Garnier, 2002): the body length, the affinity to damp habitats (ranging from 0: strictly
xerothermophilic to 100: found strictly in damp places). For beetles only (all European spiders are predators), we also con-
sidered the diet of species which is composed of the relative proportions of four trophic groups (coded from 0 to 100) –
predators (feed on living animals), phytophageous (feed on living plants) and fungivorous (feed on fungi) – and standardized
so that their sum equalled 100 for a given taxon.
Details and references for identification, morpho-species definition and traits are fully given in the online Appendix S2.
2.4. Statistical analysis
First, we investigated the ecological significance of the façade typology. Secondly, we investigated the effects of façade
types andNDVIwith univariate andmultivariate statistics. Separate analysis has been run for beetle and spider assemblages.
All analyses were computed using the R version 3.1.0 software (R_Development_Core_Team, 2014).
2.4.1. Ecological evaluation of the typology
To assess the ecological consistency of the façade typology, we first performed a Correspondence Analysis (CA) on the
local-scale environmental variables except area and type using the vegan package (Oksanen et al., 2013). Then, we visually
assess the difference between façade types by plotting ellipses with 95% intervals. The set of variables has been considered
to describe the façade types and was not considered in the other statistical analysis.
2.4.2. Species richness and abundance
We used Generalized Linear Models (GLMs) to analyse the effects of façade types and of NDVI on several species and
traits-based indicators. For species richness (number of species per site) and abundance (number of individuals per site),
the GLMs were computed with a Poisson distribution error, which is well-suited for count data (Crawley, 2009). For each
trait, we calculated the Community-level Weighted Means of trait values or CWM (Lavorel et al., 2008) with the FD package
(Laliberté and Shipley, 2011). The response of each CWM trait has been investigated using GLMswith a Gaussian distribution
error (equivalent to a linear model). We also calculated and integrated an autocovariate using the spdep package (Vergnes
et al., 2014) in order to correct for spatial autocorrelation, following themethod of Dormann et al. (2007).We also computed
the model without the intercept to measure the predicted values of each type of walls. To assess the differences between
the types of façades, we use the function lsmeans (test = Ward) from the lsmeans packages that compute least-squares
means for specified factors and compare them.
2.4.3. Species and traits composition
We analysed the effects of the façade types and the NDVI on species and trait composition using a partial Constrained
Correspondence Analysis (pCCA) with the package vegan (Oksanen et al., 2013). pCCA is a constrained ordination method
derived from CA, that allows community composition to be related to environmental variations (Legendre and Anderson,
1999). The partial method allows removing the effect of covariables: we selected the latitude and the longitude of the sites
as covariables to correct for spatial autocorrelation (Vergnes et al., 2012).
Species composition analysis has been conducted on abundancematrix after anHellinger transformation in order to limit
the weight of rare and abundant species (Legendre and Gallagher, 2001). Trait composition has been conducted on CWM
matrix (see Section 2.4.2 for details).
The statistical significance of the entire models and of each variable separately (marginal tests) were evaluated with
Monte-Carlo’s permutation test (n = 999).
3. Results
Overall, we identified 601 adult specimens from 62 species sampled using the suction method. We sampled 356 adult
specimens from31 species of spiders. The threemost abundant spider specieswere the theridiid Enoplognatha ovata (55.61%
of the total abundance), the araneid Zygiella x-notata (17.41%), the linyphiid Tenuiphantes tenuis (5.89%). For beetles, 254
specimens from 31 species (or morphospecies, here after species) were recorded. The three most abundant beetle species
were Aphthona sp. (28.74%, Chrysomelidae), Cortinicara sp (14.56%, Latriididae) and Cartodere nodifer (14.17%, Latriididae).
3.1. Typology of façades
Axis 1 and 2 of the CA contained 94.83% of the data set information. The Axis 1 contained 79.78% of the information and
could be interpreted as a gradient of plant richness, intensivemanagement (fertigation) and cooler/damper conditions (from
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Fig. 2. Biplot of the Correspondence Analysis based on the local scale variables. Ellipses has been computed based on the four façade types (BW = bare
walls, CP= climbing plant, SM= substrate modules and FL= felt layers).
left to right; Fig. 2). Along this gradient, the four façade typeswere clearly separated and showed different habitat templates.
BW and CPwere located at the right side of the gradient and shared high plant species richness and plant cover, an intensive
management (irrigation and fertilization), cooler temperatures and damper conditions. Axis 2 contained only 15.05% of the
information and seems more difficult to interpret. It could be interpreted as a gradient of cooler temperatures and damper
conditions (from top to bottom). In factorial plan, the sites were clearly divided in four groups that corresponded to the
proposed typology.
3.2. Species richness, abundance and CWM traits
Details of the models are given in Table 1. For beetles, we observed a significant effect of the façade types on the
abundance, the affinity to damp habitat and the fungivorous trophic group. As no individual had been captured in bare
walls, the type was not computed in themodels. Abundance was significantly lower in the FL than in the other types (Fig. 3).
Damp affinity is significantly higher in SM than in CP (Fig. 3). Fungivorous were higher in SM than in FL. NVDI had a positive
effect on abundance, species richness and fungivorous trophic group.
For spiders, we observed a significant effect of the façade types on the abundance, the species richness and the affinity to
damp habitat. Abundance was significantly different between types and increased significantly in the following order: BW,
CP, FL and SM (Fig. 4). For species richness, SM showed a higher species richness than CP and BW. The damp affinity was
higher in SM than in the other types. Area and NDVI had a significant positive effect only for abundance.
3.3. Species and traits structures
Details onmodels are given in Table 2. For beetles, the pCCA on species compositionwas significant and explained 26.02%
of the total inertia. The marginal tests revealed that the façade type was the only significant term. In the plane formed by
axis 1 and axis 2, the three façade types were clearly separated but the SM and FL were closer than the CP (Fig. 5(A)). The
CP was located at the extremity of the first axis and was characterized by Aphthona sp. (Aph_sp, Chrysomelidae) or Vibidia
duodecimguttata (Vib_du, Coccinellidae). The FL and SMwere located at the opposite side of the axis 1 andwere characterized
by Atomaria sp. (Atom_sp, Cryptophagidae,) or Cartodere nodifer (Latridiidae). On axis 2, the SM were separated from FL and
CP and characterized by Scymnus species (Scy_in and Scy_at, Coccinelidae) and Corticaria sp (Latridiidae).
For beetles, the pCCA on traits composition (CWM) was significant (Table 2). The marginal tests revealed that the façade
type was significant. The part of the total inertia explained by the model was higher than for species composition and
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Fig. 3. Generalized Linear Models (GLM) showing the differences between façade types on beetles’ assemblages. Bare walls were not included in the
models as no beetles have been captured on them. Standard errors are represented. Façade types with different letters differed significantly (p < 0.5).
Table 2
Results of the partial Constrained Correspondence Analysis (pCCA) on species and traits composition. Degrees of freedom (Df), Variance (Var), F statistic (F)
and significance level are given for the entire model and for each variable (marginal effects) from aMonte Carlo test (n = 999). At the local scale, we tested
the effect of VF type. At the landscape scale, we tested the percentage of green space in the surrounding landscape in a buffer of a 1.5 km radius buffer
around each site (NDVI). Inertia is decomposed into a conditional component (effects partially out from the model; here latitude and longitude of sites), a
constrained component (inertia explained by the full model) and an unconstrained component (not explained by the model or the conditional effects).
Beetles Spiders
Species composition Traits composition Species composition Traits
composition
Df Var F Var F Df Var F Var F
Full model 4 1.56 1.32* 0.30 2.35* 5 2.05 1.20 0.04 1.21
Residual 13 3.71 0.42 15
%Inertia %Inertia %Inertia %Inertia
Conditional 9.95 10.07 8.62 1.60
Constrained 26.02 37.79 26.16 28.36
Unconstrained 64.03 52.14 65.22 70.04
Marginal effects
Vegetated façade type 2 0.99 1.74** 0.23 3.61* 3 1.11 1.08*** 0.04 1.98
Area 1 0.28 1.01 0.02 0.07 1 0.57 1.67 0.000 0.14
NDVI 1 0.32 1.14 0.05 1.81 1 0.32 0.94 0.000 0.02
Residual 13 3.70 0.42 15 0.09
* p ≤ 0.05.
** p ≤ 0.01.
*** p ≤ 0.1.
reached 32.52%. Traits seem a better predictor than species identity. The SM type was clearly separated from CP and FL
types which showed only a small overlap between their ellipses (Fig. 5(C)). SM type was characterized by more fungivorous
and small-sized assemblages whereas CP and FL by more phytophageous and large-sized assemblages.
For spiders, pCCAs on species or traits structure were not significant (Table 2 and Fig. 5(B)–(D)).
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Fig. 4. Generalized LinearModels (GLM) showing the differences between façade types on spiders’ assemblages. Façade typeswith different letters differed
significantly (p < 0.5).
4. Discussion
4.1. Typology of vegetated façades: ecological and technical consistency
The façade types reflected major differences for ecological characteristics (their habitat templates, sensu Southwood,
1977), flora properties and management specification of walls, all this validates the ecological consistency of the typology.
Bare walls were clearly harsher, hotter, drier and less productive ecosystems than vegetated façades, which is consistent
with the review of Francis (2011). SM and FL were characterized by cooler/damper ecosystems and hosting a high plant
richness (mainly planted). Their habitat templates were close to vegetated waterfalls habitats that are mainly located near
mountains (Nouvel et al., 2011). However, they are also more intensively managed (i.e. irrigation). Surprisingly, SM seem
even cooler and richer than FL which could mean that the sphagnum-based substrate was a better habitat for plants and
provided a better cooling effect than a felt layer. CP types were located at an intermediary position, with some dry and hot
microclimatic conditions, close to xerothermophilous vertical habitats such as cliffs (Lundholm and Richardson, 2010). Here
we selected monospecific CP but another study highlighted a high plant diversity present on other kinds of CP (Matt, 2012).
4.2. The façade types affect abundance and species richness of assemblages
Due to differences in local scale such as microclimatic or floristic properties, the façade types influenced the properties
of arthropod assemblages. We highlighted the highest species richness and abundance in SM and the lowest on bare walls.
These result is consistent with the study of Matt (2012) who found 16–39 times less arthropods in bare walls than in CP.
In our study, arthropods were even rarer on bare walls, as only few spiders were observed. Generally bare walls are a very
harsh environment but cracks and holes can act as potential habitats for plants (Francis, 2011) and arthropods (Crucitti et al.,
1998; Hoggart et al., 2012; Trubl et al., 2012). In our study, all the bare walls were made of concrete and had a low presence
of cracks and as observed by Hoggart et al. (2012), they were among the harshest types of walls. Globally, vertical greening
had a strong positive effect on arthropods.
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Fig. 5. Ordination diagram (triplot) of the partial Constrained Correspondence Analysis (pCCA) conducted on the species and traits of beetles (A, C)
and spiders (B, D) assemblages. The façade types are represented in bold black letters (BW = Barewall, FL = felt layers, SM = substrate modules and
CP = climbing plants), the surrounding landscape properties (NDVI) and the area of walls (Area) are represented by a black arrow. For species, the
abbreviations are in italic. For spiders, the grey ellipse regroups 14 species. See Tables A1 and A2 in online appendix for species’ full names. For traits:
Damp= damp affinity, Fungi= Fungivorous, Phyto= Phytophageous, Pred= Predator.
The highest abundance for beetles (ex aequo with CP) and spiders were observed in SM and could be explained by
the combination of more suitable microclimatic conditions, floristic properties and the presence of a sphagnum-based
substrate. Themain difference between SMand FL is the nature of the substrate that is sphagnum-based and could offermore
habitats in SM. As a consequence, SM presented themost structurally diverse habitat, from shrubs to substrate. The positive
relationship between the abundance of arthropods and the structural diversity of species is proposed by the structural
diversity hypothesis (Kantsa et al., 2013) and has been demonstrated in various ecosystems (reviewed by Bardgett et al.,
2005) and even on green roofs (Madre et al., 2013). Surprisingly, a high abundance of beetles was also observed in CP that
have a limited number of vegetation strata and thus a low structural diversity habitat. However, SM showed clearly the
highest abundance of spiders; Spiders are predators and are located in the higher trophic levels of arthropods. Thus, their
abundance may reflects the abundance of their prey, located at lower trophic levels and comprises beetles but also other
groups such as Diptera, Hymenoptera or Heteroptera. Finally, the coolest and dampest conditions of SM could be more
favourable for arthropods.
We observed similar results for species richness: the highest values were observed in SM for spiders only. We expected
that SM and FL that shared the highest flora diversity may have the highest beetle diversity as many species are associated
to plants (Siemann et al., 1998). This surprising result could be explained by the morpho-species approach that could have
smoothed the results. Spiders have been identified to species and showed a clearer result: the highest diversity in SM that
could be linked to plant diversity (Siemann et al., 1998; Koricheva et al., 2000). Second, SM façades sheltered the richest
plant assemblages, as FL. Siemann et al. (1998) proposed three non exclusive hypotheses to explain the link between plant
and predator diversity: omnivory of some predator species, link between habitat–plant–predator diversity or modification
of the interactions between herbivores and predators. In our case, the link between habitat diversity and predator diversity
seem the more probable explanation.
4.3. The façade types sheltered different assemblages in term of species and traits
For beetles, façade types clearly sheltered different assemblages in terms of their species and their traits. Indeed, SM
and FL, which are the damper habitats in our study, were associated with communities that were mainly composed of
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hygrophilous organisms including many Latridiidae. However, fungivorous organisms like silken fungus beetles were more
abundant and specific to SM than to FL. This result could be caused by the presence of the sphagnum-based substrate,
probably a more suitable habitat for fungi than the textile felt layer. In contrast, CP were associated with more floricolous
and xerophilous communities, such as flea beetles or sweat flower beetles, which feedmainly on plants and flowers and that
are closer to assemblages observed on green roofs (Madre et al., 2013). The difference in habitat templates clearly shaped
the assemblages of beetles as suggested by the niche assembly theory (Macarthur and Levins, 1967). Most of the species
observed had already been recorded in other damp habitats of Paris city and seem quite ubiquitous (Inglebert, 1996).
For spiders, this result was not as clear. Only the univariate approach on CWM traits highlighted a higher affinity to
damp habitats in SM and in FL (but differed only by a trend, p < 0.1) than in the other façade types. These façade types
hosted species such as the linyphiid Gongylidiellum vivum—a spider that prefers humid conditions and is commonly found in
moss and litter layers of woodlands and moors – Aphileta misera – a wetlands spider – and Entelecara omissa – a rare spider
found in ground litter (Roberts, 2001). CP façades hosted more xerophilous species, some of them previously observed on
green roofs in the same region (Madre et al., 2013) such as the jumping spidersHeliophanus tribulosus – commonly found on
sunny rocks and low vegetation – or Saitis barbipes—aMediterranean spider that lives on sunny habitats likewalls and rocks
(Roberts, 2001). Francis (2011) highlighted that plant assemblages on barewalls were not dominated by xerothermophilous
specialized species but by common species that are dominant in urban landscapes. Those species could massively send
propagules from surrounding habitats to walls. Here we proposed that the so-called mass effect might happen for spiders
which are among the most dispersive organism on earth as they can disperse on tens of kilometres high and hundreds of
kilometres long by ballooning (Bell et al., 2005).
4.4. A limited effect of area and landscape properties
Area had a minor effect in our study and was significant only for spider abundance. Despite species–area relationship is
considered as one of the few general laws of ecology, it did not consistently affect arthropod richness or abundance of on
man-made ecosystems such as green roofs (Madre et al., 2013) or gardens (Goddard et al., 2010).
The landscape configuration, measured by the NDVI index, had a significant positive effect only for the beetles species
richness and abundance that could be link to their lower dispersal capabilities than spiders. Most groups such as minute
beetles, leaf beetles or lady birds are able to fly (Santorufo et al., 2012) but the urban matrix can act as a barrier for their
dispersal (Vergnes et al., 2012; Braaker et al., 2013; Vergnes et al., 2014). Spiders have such strong dispersal capabilities
that they do not perceive the landscape as a main filter (Wiens, 1989). For example, species previously known in the
Mediterranean region only (Le Peru, 2007) like Saitis barbipes or Icius spps were found a thousand kilometres away from
their previous distribution areas. However, we can exclude that sampled specimens could have been introduced during
establishment of the vegetated façades from plants or growing media from nurseries. A precise study of dispersal should be
conducted to disentangle between passive and active dispersal.
4.5. Implications in arthropod’s conservation
Despite some recent insights (Coste et al., 2010; Leroy et al., 2014), the evaluation of the conservation status of many
arthropods, and especially spiders, is less accomplished than vertebrates (Leather et al., 2008). In our study, only Icius
subinermis, a jumping spider, have a national conservation status: presence on the SCAP list (Protected Area Creation
Strategy; Coste et al., 2010). Many species such as Aphileta misera is rare in Northern France but still lack of conservation
status.
Due to their central role in world trade and transportation, cities are a main source of alien species propagation, some of
them causing economic, health and environmental impacts (DAISIE, 2008). Some plants of SM and FL facades were exotic
but as they need their specific abiotic properties, their propagation within the urban landscape seem limited. However, no
exotic arthropod has been observed. Finally, Arthropods are still considered as ‘‘pest’’ or ‘‘creepy’’ by citizens (Kellert, 1993).
Work has to be done to enhance the acceptance of arthropods by human population.
4.6. Applications to the design of vegetated façades and conclusion
We highlighted that the different types of façades had variable values as habitats for arthropods but other parameters
have to be kept in mind to select the appropriate vertical greening technique. SM sheltered rich and abundant communities
but this technique has a high ecological footprint. As demonstrated by Ottelé et al. (2011) who ran a comparative life cycle
analysis and highlighted that felt layer systems (such as SM and FL in our study) had the highest ecological footprint due
to global warming, human and fresh water ecotoxicity. A large amount of water and fertilizers are used to maintain the
aesthetic of these façades. On a holistic point of view, FL seem less interesting than SM as they have a comparable ecological
footprint but not as abundant or rich arthropods assemblages. CP could be an interesting choice as they combine a rich and
rare assemblage of spiders with a lower ecological footprint than felt layer systems (Ottelé et al., 2011).
Vegetated façades appears as an opportunity to enhance the presence of arthropods in cities. Much work has to be con-
ducted on the citizen acceptance of arthropods. The perception of arthropods and especially for spiders is quite negative
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(Kellert, 1993). Investigating the role of arthropods on the provision of ecological services could be a way to enhance their
acceptance by urban dwellers. Moreover, by integrating them into process trees (Perini et al., 2013), we could give a consis-
tent answer to the question: are green walls as ‘‘green’’ as they look? (Soga et al., 2014).
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